Drug resistance to platinum limited therapeutic options for oral squamous cell carcinoma (OSCC). In the current study, we investigated the role of lncRNA HOMEOBOX A11 (HOXA11) antisense RNA (HOXA11-AS) in OSCC resistance to cisplatin (CDDP). We used clinical tissues and OSCC cell lines and induced CDDP resistance in OSCC cells. Gain and loss of function were performed in OSCC-resistant cells. Xenograft mice were also established. HOXA11-AS expression was increased in OSCC clinical tissues and cell lines and upregulated in CDDP-resistant cells. Upregulation of HOXA11-AS promoted proliferation in CDDP-sensitive cells and inhibited CDDP-induced cytotoxicity. In contrast, downregulation of HOXA11-AS decreased proliferation in CDDP-resistant cells and increased CDDP-induced cytotoxicity. Knockdown of HOXA11-AS inhibited the tumor growth in xenograft mice injected by CDDP. Downregulation of HOXA11-AS increased apoptosis and caspase 3 activities in CDDP-resistant OSCC cells. Bioinformatics, reporter assay, and loss and gain of function assay indicated that HOXA11-AS and miR-214-3p could negatively regulate each other. miR-214-3p was decreased in OSCC clinical tissues and cell lines. We further revealed that protooncogene serine/threonine-protein kinase (PIM1) was the target of miR-214-3p. PIM1 expression could be negatively regulated by miR-214-3p and positively regulated by HOXA11-AS. Inhibition of PIM1 suppressed anti-miR-214-3p-induced increase of cell proliferation and decrease of apoptosis. In summary, HOXA11-AS was identified to facilitate CDDP-resistance in OSCC and miR-214-3p/PIM1 was found to be the downstream target of HOXA11-AS. The findings highlight the importance of HOXA11-AS/miR-214-3p/PIM1 axis in the drug resistance of OSCC and provide potential targets for improving chemotherapy of OSCC.
Introduction
Oral squamous cell carcinoma (OSCC) is one of the most common head and neck squamous cell carcinomas (HNSCCs) with a changing molecular and demographic profile [1] [2] [3] [4] . OSCC occupies approximately 3% of all recently diagnosed clinical cancer cases [1] . Despite the substantial improvements in multimodality approaches, the cure rate in those patients receiving such treatments is only 50% [5] . To date, the overall 5-year survival rate of OSCC patients is less than 50% [6] . Chemotherapy (such as platinum) is an efficient adjuvant treatment for OSCC patients in some cases. However, drug resistance to platinum limited therapeutic options with a median overall survival time of 6-9 months in OSCC [7] . Thereof, the better understanding of the molecular mechanisms underlying platinum-based drug resistance in OSCC is urgently needed for the efficient therapy of OSCC patients.
Long noncoding RNA (lncRNAs) is a type of nonproteincoding and functional RNAs that contains more than 200 nucleotides [8, 9] . LncRNA could function to regulate target gene expression through multiple mechanisms, including epigenetic, transcriptional, and posttranscriptional modulation. In recent years, it is shown that lncRNAs plays a role in almost all physiological and pathological processes of the body. More and more evidence has demonstrated that dysregulation of lncRNAs is involved in development of a variety of diseases. In particular, a battery of lncRNAs is dysregulated in the initiation and development of cancer. LncRNAs has been reported to play both an oncogenic and 2 BioMed Research International tumor suppressive role [10, 11] . LncRNAs participates in the regulation of multiple cancer-related cellular and molecular processes, including cell cycle transition, cell proliferation, differentiation, apoptosis, invasion, and migration [12] [13] [14] .
LncRNA HOMEOBOX A11 (HOXA11) antisense RNA (HOXA11-AS) has been verified to participate in cancer development. Based on previous reports, we concluded that HOXA11-AS function as an oncogenic or tumor promotive regulator in several types of human cancers [15] [16] [17] [18] [19] [20] [21] , such as colorectal cancer, lung cancer, hepatocellular carcinoma, glioma, breast cancer, renal cancer, ovarian cancer, melanoma, and gastric cancer. HOXA11-AS plays an oncogenic role in the cellular processes of laryngeal squamous cell cancer (LSCC) and serves as a novel marker and a potential therapeutic target in LSCC patients [22] . HOXA11-AS drives cisplatin (CDDP) resistance of human lung cancer [23] . Based on these literatures, we proposed that HOXA11-AS played a role in chemoresistance in OSCC.
In the current study, we designed experiments to investigate the role of HOXA11-AS in OSCC resistance to CDDP, a platinum-based anticancer drug. We showed that HOXA11-AS expression was increased under CDDP-resistant condition in OSCC cells. HOXA11-AS facilitated CDDP-resistance through regulation of miR-214-3p/PIM1.
Materials and Methods

Clinical Tissue Specimens.
This study was approved by the Research Ethics Committee of The People's Hospital of Shanxi Province. 31 patients with OSCC, who received surgical treatment in The People's Hospital of Shanxi Province from April 2015 to March 2016, were recruited in this study. OSCC tumor tissues and normal adjacent squamous epithelium were collected. All participants signed informed consent prior to using the tissues for scientific research. The tumor tissues were immediately frozen in liquid nitrogen and then stored at -80 ∘ C for further analysis.
Cell Culture.
The normal human oral keratinocyte (NHOK) and OSCC cell lines, including TSCCA, CAL-27, SCC-9, and Tca8113, were ordered from the Cell Bank of Type Culture Collection of Chinese Academy of Sciences (Shanghai, China). TSCCA and CAL-27 cells were exposed to gradually increasing doses of CDDP to establish CDDPresistant OSCC cells (TSCCA-CDDP and CAL-27-CDDP). All cells were maintained in DMEM medium supplemented with 10% FBS (Invitrogen, Carlsbad, CA, USA), 100 U/mL penicillin, and 100 mg/mL streptomycin in a humidified atmosphere of 5% CO 2 .
Plasmid Transfection.
SiRNAs against HOXA11-AS (si-HOXA11-AS; 5 -CTACCATCCCT GAGCCTTA-3 ) and negative control siRNA (si-NC), sh-HOXA11-AS (CACCAGGCCAAGTCCGAGTTCCATTTCTTCGAA-AAGAAATGGAACTCGGACTTGGCC) and sh-NC were all purchased from GenePharma. PIM1 shRNA lentiviral transduction particles were performed from Sigma-Aldrich (SHCLNV-NM 002648). The sequence of HOXA11-AS cDNA was amplified and cloned to pcDNA3.1 (Invitrogen, Carlsbad, CA, USA). pre-miR-214-3p, anti-miR-214-3p, or control miR (miR-NC and anti-miR-NC) were obtained from Invitrogen Technology (Ambion, Austin, TX, USA). Transfection was performed using lipofectamine 2000 (Invitrogen, Carlsbad, CA, USA) according to the manufacturer's instructions. Cells were collected and transfection efficiency was examined 48h after transfection.
Cell Proliferation.
Cell proliferation was analyzed by using cell counting assay Kit-8 (CCK-8) (EnoGene, China) as per the manufacture's protocols. After the transfection and incubation, cells were incubated with serum-free culture medium containing 10% CCK-8 solution at 37 ∘ C for 1-2 h. The absorbance of each well at 450 nM was measured at 0, 24, 48, and 72h after transfection using a microplate reader (Bio-Rad Laboratories, Inc., CA, USA).
Determination of IC50 of CDDP.
CDDP-induced toxicity in OSCC cells was evaluated by measurement of the IC50 value using CCK-8 assay. Briefly, TSCCA-CDDP and CAL-27-CDDP cells were seeded in 96-well plates, treated with indicated concentrations of CDDP and then the cell viability was measured using the CCK-8 kit according to the manufacturer's protocols.
Luciferase Reporter Assay.
The wild-type HOXA11-AS (WT), mutant HOXA11-AS (MUT), PIM1 (WT), and PIM1 (MUT) containing the binding site of miR-214-3p were incorporated into the pmirGLO dual-luciferase vector (Promega, Madison, WI, USA). HEK293T cells were cotransfected with pmirGLO-HOXA11-AS-WT or pmirGLO-HOXA11-AS-MUT, pmirGLO-PIM1-WT, pmirGLO-PIM1-MUT, and miR-214-3p mimics or negative control by Lipofectamine 2000. 48 h after transfection, the luciferase activities were measured with Dual-Luciferase Reporter Assay System according to the manufacturer's instructions. Relative luciferase activity was expressed as normalization of renilla luciferase activity to firefly luciferase activities. Triplicate independent experiments were performed to measure luciferase activity.
Flow Cytometric Analysis of Apoptosis.
Apoptosis was evaluated using flow cytometric analyses with TUNEL Apoptosis Detection Kits (Roche, Switzerland) according to the manufacturer's instructions. Triplicate independent analysis was performed.
Xenograft Mice Model.
All animal experiments were approved by the Institutional Animal Care and Use Committee of The People's Hospital of Shanxi Province and in accordance with ARRIVE and NIH guidelines for animal welfare. 12 male BALB/c nude mice were obtained from Animal Center of Shanxi Medical University and maintained under pathogen-free conditions. TSCCA-CDDP cells (1 × 10 7 ) infected with sh-HOMA11-AS or sh-NC were suspended in 100 L medium and then subcutaneously injected into the right flanks of mice. 7 days after the injection, the mice were injected with 4 mg/kg CDDP or an equal volume of PBS once according to the manufacturer's instructions. RNA quantification was performed using a NanoDrop ND-2000 and cDNA was reversely transcribed using the RT reagent Kit with gDNA Eraser (Takara, Dalian, China) according to the manufacturer's protocols. Quantitative RT-PCR was performed using SYBR Green Master Mix (Takara, Dalian, China) on a Bio-Rad system. The expression level of miRNA was examined using Taqman microRNA Reverse Transcription Kit and Taqman Universal Master Mix II with the TaqMan MicroRNA Assay of miRNAs (Applied Biosystems, USA). GAPDH and U6 were used as the internal normalizer. The PCR reaction conditions for all of the assays were 94 ∘ C for 30 seconds, followed by 40 cycles of amplification (94 ∘ C for 5 seconds, 60 ∘ C for 30 seconds, and 72 ∘ C for 30 seconds). Relative mRNA level was calculated using the 2 −ΔΔCt method. The sequences of primers were as follows: HOXA11-AS forward: 5'-CGGCTAACAAGGAGATTTGG-3' and reverse: 5'-AG-GCTCAGGGATGGTAGTCC-3' . miR-214-3p forward: 5'-ACAGCAGGCACAGACAGG-3' and reverse: 5'-GTGCAGGGTCCGAGGT-3' . GAPDH forward:
2.10. Caspase 3 Activity. Caspase 3 activity was determined using a Caspase 3 Activity Assay Kit (Beyotime Company, China) according to the manufacture's manual.
Bioinformatics Analysis.
Star Base v2.0 was used to predict the binding of HOMA11-AS and miR-214-3p. TargetScanHuman 7.1 was used to predict the downstream targets of miR-214-3p.
Statistical Analysis.
Data were displayed as means ± standard deviation (SD). Statistical analysis was performed using Graphpad Prism software 6.0. Statistical significance was evaluated using one-way analysis of variance followed by Student-Newman-Keuls test. p < 0.05 was considered to be statistically significant.
Results
HOMA11-AS Expression Was Upregulated in OSCC Clinical Tissue Samples and Cell Lines.
The expression pattern of HOMA11-AS in OSCC tissues and cells was examined and the results showed that HOMA11-AS expression in OSCC clinical tissues was significantly higher than that in adjacent normal tissues ( Figure 1(a) ). Additionally, HOMA11-AS expression in OSCC cell lines, such as TSCCA, CAL-27, SCC-9, and Tca8113 cells, was higher than that in normal human oral keratinocyte cell line (NHOK) cell lines ( Figure 1(b) ). Moreover, we compared the expression of HOMA11-AS between the CDDPsensitive and resistant OSCC cells. Figure 1 (c) showed that compared with CDDP-sensitive state, HOMA11-AS expression was increased when the cells were CDDP-resistant.
The results suggested that HOMA11-AS upregulation was involved in CDDP-resistance in OSCC cells. increase of apoptosis (Figure 2(i) ) and caspase 3 activities (Figure 2(j) ). The results demonstrated that HOXA11-AS facilitated resistance to CDDP in TSCCA and CAL-27 cells.
HOMA11-AS Facilitated Proliferation and CDDP Resis
HOMA11-AS Interacted with and Negatively Regulated miR-214-3p in OSCC Cells.
To investigate the mechanism of HOMA11-AS-associated CDDP-resistance in OSCC cells, we explored the possible targets of HOMA11-AS regulation. Using bioinformatics analysis, we predicted a putative binding site of miR-214-3p in 3'-UTR of HOMA11-AS (Figure 3(a) ). Then, we used luciferase reporter assay to evaluate the direct interaction between HOMA11-AS and miR-214-3p. We showed that transfection miR-214-3p mimics significantly decreased WT-HOMA11-AS luciferase activity, but not MUT-HOMA11-AS (Figure 3(b) ), confirming the binding of predicted sites in HOMA11-AS by miR-214-3p. Moreover, upregulation of HOMA11-AS significantly inhibited the expression of miR-214-3p in CDDP-resistant TSCCA and CAL-27 cells (Figure 3(c) ). Downregulation of HOMA11-AS in CDDP-resistant OSCC cells resulted in a significant increase of miR-214-3p expression (Figure 3(d) ). These results demonstrated that HOMA11-AS interacted with and negatively regulated miR-214-3p in OSCC cells.
Inhibition of miR-214-3p Suppressed the Effect of HOMA11-AS Knockdown on Proliferation, CDDP Chemosensitivity, and Apoptosis in CDDP-Resistant OSCC Cells.
The expression pattern of miR-214-3p in OSCC tissues was examined and the results showed that miR-214-3p expression in OSCC clinical tissues was significantly lower than that in adjacent normal tissues (Figure 4(a) ). Moreover, we compared the expression of miR-214-3p between the CDDP-sensitive and resistant OSCC cells. 
PIM1 Was a Downstream Target of HOMA11-AS and miR-214-3p in the Regulation of CDDP Chemosensitivity in CDDP-
Resistant OSCC Cells. In the next step, we investigated the downstream target of miR-214-3p in the regulation of CDDP resistance in OSCC cells. Using bioinformatics analysis, we found that there was a putative binding site of miR-214-3p in the 3'-UTR of proto-oncogene serine/threonine-protein kinase (PIM-1) ( Figure 5(a) ). The luciferase reporter assay confirmed that miR-214-3p negatively regulated WT-PIM-1, but not MUT-PIM-1 ( Figure 5(b) ). The expression pattern of PIM-1 in OSCC tissues was examined and the results showed that PIM-1 expression in OSCC clinical tissues was significantly higher than that in adjacent normal tissues ( Figure 5(c) ). Moreover, we compared the expression of PIM-1 between the CDDP-sensitive and resistant OSCC cells. 
Knockdown of HOMA11-AS Enhanced CDDP-Mediated Tumor Inhibition and Regulated miR-214-3p and PIM1 in
Xenograft Mice. We then tested the role of HOMA11-AS in CDDP resistance in xenograft mice in vivo. Knockdown of HOMA11-AS significantly decreased the growth of tumor weight and volume in response to CDDP injection in xenograft mice (Figures 6(a) , 6(b), and 6(c)). Moreover, in tumor nodes, knockdown of HOMA11-AS markedly increased the expression of miR-214-3p and reduced the expression of PIM1. The results confirmed the promotive role of HOMA11-AS in CDDP resistance and provided in vivo evidence for the regulation of miR-214-3p and PIM1 by HOMA11-AS in OSCC tumors.
Discussion
Chemoresistance tremendously hinder therapeutic effect of chemotherapy for tumor and limits the prognosis of tumor patients [7] . Accumulating evidence supports that dysregulation of lncRNAs participates in primary or acquired chemoresistance through various molecular mechanisms [24] . It is recently recognized that lncRNAs plays an important role in drug resistance in OSCC. HOXA11-AS has been found to function as an oncogenic or tumor promotive regulator in several types of human cancers [15] [16] [17] [18] [19] [20] [21] . Moreover, HOXA11-AS was identified to drive CDDP resistance of human lung cancer [23] . We proposed that HOXA11-AS dysregulation was involved in CDDP resistance in OSCC.
To test the hypothesis, we compared the expression pattern of HOXA11-AS between CDDP-sensitive and resistant condition and evaluated the role of HOXA11-AS using a battery of in vitro and in vivo models. HOXA11-AS expression was increased in OSCC clinical tissues and cells and upregulated under CDDP-resistant condition. Upregulation of HOXA11-AS promoted proliferation in CDDP-sensitive OSCC cells and inhibited CDDP-induced cytotoxicity, as evidenced by increased IC50 value. In contrast, downregulation of HOXA11-AS decreased proliferation in CDDP-resistant OSCC cells and increased CDDP-induced cytotoxicity, as illustrated by increased IC50 value. Moreover, the required role of HOXA11-AS in CDDP resistance was testified in xenograft tumor mice in vivo. Downregulation of HOXA11-AS increased the percentage of apoptotic cell and caspase 3 activities in CDDP-resistant OSCC cells, indicating that inhibition of apoptosis may be involved in HOXA11-ASinduced facilitation of CDDP-resistance in OSCC. Based on these findings, we provide further evidence for the positive role of HOXA11-AS in tumor development and, for the first time, reported the key role of HOXA11-AS in CDDPresistance in OSCC.
LncRNAs/miRNAs interaction is an important mechanism for the biological function of HOXA11-AS in tumor regulation [25] [26] [27] . To explore the mechanism of HOXA11-AS-induced regulation of CDDP-resistance in OSCC, we used bioinformatics analysis and found a candidate miRNA, miR-214-3p. miR-214-3p expression was decreased in OSCC clinical tissues and was reduced in CDDP-resistant cells. Further experiments, using luciferase reporter assay and plasmid transfection, confirmed the negative regulation of these two molecules by each other. Furthermore, downregulation of miR-214-3p inhibited si-HOXA11-AS-induced regulation of proliferation and apoptosis in CDDP-resistant OSCC cells. Dysregulation of miR-214-3p has been previously reported to be involved in tumor development and miR-214-3p is mainly found to play a tumor-suppressive role. For instance, overexpression of miR-214-3p in esophageal squamous cancer cells enhanced sensitivity to CDDP by targeting survivin directly and indirectly through CUG-BP1 [28] . miR-214-3p has been found to improve the overall survival prediction of muscleinvasive bladder cancer patients after radical cystectomy [29] . In particular, in glioma, HOXA11-AS functioned as a competing endogenous RNA (ceRNA) for miR-214-3p, which in turn positively regulated the expression of its direct target EZH2 [30] . According to these findings and our results, we proposed that HOXA11-AS/miR-214-3p may be a ubiquitous pathway in the regulation of tumor development and malignancy. Considering the pivotal role of lncRNAs acting as the ceRNAs to repress target mRNAs expression by sequestering miRNAs, we tried out to find the downstream target of miR-214-3p that may be responsible for the biological role of HOXA11-AS in CDDP-resistance in OSCC. Bioinformatics analysis indicated that miR-214-3p could bind with the 3'UTR of PIM1 whose effect was confirmed by luciferase reporter assay. Loss and gain of function assay indicated that miR-214-3p could negatively and HOXA11-AS could positively regulate PIM1. Downregulation of PIM1 could suppress anti-miR-214-3p-induced regulation of proliferation and apoptosis in CDDP-resistant OSCC cells, suggesting that PIM1 was the downstream target of HOXA11-AS/miR-214-3p pathway.
In conclusion, we identified that HOXA11-AS facilitated CDDP-resistance in OSCC and clarified that miR-214-3p/PIM1 was the downstream target of HOXA11-AS function. The findings highlight the importance of HOXA11-AS/miR-214-3p/PIM1 axis in the drug resistance of OSCC and provide potential targets for improving chemotherapy of OSCC.
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